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(Beijing)Abstract During the past 30 years (1987e2016), a great progress has been made in researches of soft-
sediment deformation structures (SSDS), seismites and palaeoearthquakes in China. However, the research
thought of this academic ﬁeld is not open enough. It is almost with one viewpoint or one voice, i.e., almost all
the papers published in journals of China considered the layers with SSDS as seismites. On the other hand, the
authors are very glad to learn that the professors and students of China University of Petroleum (East China)
have proposed different academic viewpoints on the origin of SSDS in Lingshan Island, Qingdao, Shandong
Province, China. It is a very active academic atmosphere. The authors' ideas are as follows: (1) The SSDS are
sedimentary structures with multi-origin. The term “SSDS” is a good sedimentary and geological term and
should be utilized continually. (2) The term “seismites” is a term which is deﬁnitely assigned to the layers with
SSDS induced by earthquakes. It is one type of the layers with SSDS. It is not equal to SSDS. (3) Some geologists
suggested obsoleting the term “seismites”. These suggestions are rational. However, since the term “seis-
mites” has been utilized for a long time in China and worldwide, to obsolete this term should be discussed and
agreement should be acquired from numerous geologists in China and worldwide. It may be suitable that let
the geological practice decide whether to obsolete it or not. (4) Hopefully, further progress will be made in the
researches of SSDS.
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312 Z.-Z. Feng et al.1. IntroductionThe “soft-sediment deformation structures (SSDS)”
are sedimentary structures with multi-origin.
The term “seismites” was introduced by Seilacher
(1969) to indicate the layers with SSDS that were
induced by earthquake.
1.1. Great progress, but almost with one
viewpoint
The earliest reports in Chinese journals are Event
deposits (Gong, 1987) and Tempestite, seismite and
tsunamite: A discussion of several sedimentological
terms (Gong, 1988), both written by Prof. Yi-Ming
Gong.
The ﬁrst paper on the research results of seismites
published in Chinese journals is A possible seismic-
tsunami succession in the Precambrian carbonate
rocks in the Ming Tombs, Beijing by Prof. Tian-Rui Song
(Song, 1988).
Prof. Xiu-Fu Qiao and his scientiﬁc research team
have published many papers and books about SSDS,
seismites and palaeoearthquakes in China. Seismic
Records in strata (Ancient Earthquakes) and Seimites:
Palaeoseismic records in sedimentary rocks, are the
representative works of Qiao et al. (2006, 2013). Prof.
Qiao has made great contributions to the researches of
seismites and palaeoearthquakes of China.
In order to promote the further development of
researches of SSDS, seismites and palaeoearthquakes in
China, in early 2011, the Journal of Palaeogeography
(Chinese Edition) decided to organize a special issue of
SSDS, seismites and palaeoearthquakes.
In August 2011, two manuscripts were submitted to
the Journal of Palaeogeography (Chinese Edition).
The ﬁrst manuscript, Discussion about studies of
earthquake event deposit in China, was written by
Prof. Yuan-Sheng Du. He ﬁrstly summarized and
reviewed 115 papers of SSDS and seismites published
before 2011 in Chinese journals.
The second manuscript, Soft-sediment deforma-
tion and occurrence frequency of palaeoearthquake in
the Mesoproterozoic Wumishan Formation, Yongding
River Valley, Beijing was written by Prof. De-Chen Su
and Prof. Ai-Ping Sun. The photos of SSDS in this
manuscript are highly interesting. I suggested the au-
thors of this paper to guide me, Prof. Xiu-Fu Qiao, Prof.
Xiu-Juan Zheng and others to Yongding River Valley and
to examine the outcrop of SSDS. They all agreed with
my proposal.
On September 3, 2011, Prof. Su and Prof. Sun guided
us (I, Profs. Xiu-Fu Qiao, Bi-Zhu He, You-Liang Ji, Xian-Pu Guo, Xiu-Juan Zheng, Dr. Xin-Po Li and several stu-
dents) to Yongding River Valley. The SSDS in the ﬁeld
outcrop are very clear and beautiful and the explana-
tions of SSDS by Prof. Su are reasonable (cf., Su and Sun,
2011, 2012). About the characters and origin of the SSDS
and the lithological characteristics of the host rocks of
SSDS, we discussed and contended enthusiastically and
basically got a common view in ﬁnal. It was a successful
investigation and review ﬁeld trip.
In December 2011, a special issue of SSDS, seismi-
tes and palaeoearthquakes was published in Vol.13,
No.6 of the Journal of Palaeogeography (Chinese Edi-
tion). It includes 7 papers, i.e., Du, 2011; He et al.,
2011; Jia et al., 2011; Su and Sun, 2011; Tian et al.,
2011; Yang et al., 2011; Zhou et al., 2011; Zhu
et al., 2011. It was the ﬁrst special issue for seismi-
tes in journals of China.
As the Editor-in-Chief of Journal of Palae-
ogeography (Chinese Edition), I wrote a preface, Go
ahead, researches on palaeoearthquake in China, to
congratulate on the special issue and palae-
oearthquake researches in China.
In 1987e2015, altogether about 140 papers of
SSDS and seismites have been published in Chinese
journals, which is a signiﬁcant and positive
achievement.
However, the origin of SSDS mentioned in these
published papers, was almost with one viewpoint or
one voice, i.e., almost all the SSDS were induced by
earthquakes, and therefore almost all the layers with
SSDS are seismites. It is not a good phenomenon.
1.2. Multi-origin of SSDS
The SSDS have multi-origin. The “seismites” is one
type of the layers with SSDS that were caused by
earthquakes.
The paper by Moretti and Van Loon (2014) and its
references indicated that the SSDS have different
origin, such as rapid sedimentation in turbiditic de-
posits (Moretti et al., 2001), collapse of karst sinkhole
activity (Moretti et al., 2011), seismic shocks and
overloading induced by sudden deposition of coarse
sediments on clays due to the arrival of density cur-
rents (Moretti and Sabato, 2007), etc.
Previously, in 1970s, Blatt et al. (1972) in their
book, Origin of Sedimentary Rocks, pointed out that
unconsolidated sediment can form some pene-
contemporaneous deformation structures, such as
“load structures” (denser sediment layers overlying
less dense layers), “slump structures” (gravity move-
ment of sediment deposited on a slope), etc. These
structures are typical soft-sediment deformation
structures.
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seismites systematically and historically. The new
paper of Van Loon et al. (2016) proposed that the SSDS
in Latvia were caused by the Late Glacial glacio-
isostatic rebound uplift of the earth crust. It means
that the SSDS in Latvia were induced by “exogenic”
force and therefore they differed from those induced
by “endogenic” tectonic force.
All of the above book and papers indicated that the
thought of the above geologists is more open and more
pragmatic.
From the above book and papers, I deeply under-
stand the following three points: (1) We should learn
from the new viewpoints of papers in journals which
are with concrete data as their basis. (2) We should
learn from classic works, such as Origin of Sedimentary
Rocks (Blatt et al., 1972). (3) The most important is to
learn from geological practice. It is “knowledge ob-
tained from paper is superﬁcial, to know truly should
practice earnestly”.
At the same time, we are very glad to learn that the
professors and students in China University of Petro-
leum (East China) have different viewpoints about the
origin of SSDS in Lingshan Island, Qingdao, Shandong
Province, China. It presents a very active academic
atmosphere.
Therefore, the Journal of Palaeogeography (Chi-
nese Edition and English Edition) decided: (1) To orga-
nize a symposium on “Multi-origin of soft-sediment
deformation structures and seismites” in the 14th Na-
tional Conference of Palaeogeography and Sedimen-
tology held by the Henan Polytechnic University, during
September 23e25, 2016; and (2) To publish two special
issues of “Multi-origin of soft-sediment deformation
structures and seismites” in the Journal of Palae-
ogeography (Chinese Edition and English Edition)
respectively. We, i.e., Editors-in-Chief of the Journal
of Palaeogeography, have invited some geologists in
China and worldwide who researched SSDS to write
papers about this interesting topic. We have written
this paper, Researches of soft-sediment deformation
structures and seismites in Chinad A brief review. It is
“to cast a brick to attract the jade”. We hope that
geologists in China and elsewhere in the world will
participate in the ongoing discussion of multi-origin of
SSDS and that they will provide their constructive
suggestions, criticisms and corrections, and will pro-
mote the further progress of this academic ﬁeld.
On the other hand, Prof. A.J. (Tom) Van Loon and
Prof. Massimo Moretti are organizing another special
issue of “Multi-origin of soft-sediment deformation
structures and seismites” for the Journal of Palae-
ogeography (English Edition) in the second half of 2017.2. Different viewpoints of SSDS in
Lingshan IslandAs mentioned above, about the origin of SSDS in
Lingshan Island, the professors and students in China
University of Petroleum (East China) have different
academic viewpoints.
Lü et al. (2011) considered the SSDS in Lingshan
Island as mainly synsedimentary slump fold structures
in distal turbidites which were deposited in a relict
oceanic basin between the North China Block and the
South China Block. These slump fold beds indicated
that frequent and strong earthquakes occurred in the
Early Cretaceous. It means that: (1) The host rocks of
SSDS, i.e., the “thin-bedded ﬁne sandstones and silt-
stones interbedded with mudstones and shales” are
distal turbidites or ﬂysch in a deep sea basin. (2) The
origin of SSDS is mainly caused by sedimentary slump.
(3) The origin of the SSDS is the collision of the North
China Block and the Yangtze Block, and this collision
gave rise to earthquakes. (4) Therefore the SSDS
should be seismites, although Lü et al. (2011) did not
mention the term “seismites”.
Zhong (2012) did not agree with the viewpoints of Lü
et al. (2011). The ideas of Zhong (2012) are: (1) The host
rocks of SSDS in Lingshan Island are not deep sea distal
turbidites but shallow water marine sedimentary rocks,
and may be the delta sediments or shore coal swamp
sediments. (2) The SSDS are caused by short distance
slump indelta frontor in shore swampsediments. (3)The
most important evidences are the occurrence of vitrain
seams and carbonized plant debris in the host rocks of
SSDS. (4) The SSDS are without any relation to the
collision of the North China Plate and the Yangtze Plate.
Lü et al. (2013) replied to the questions of Zhong
(2012). One of their ideas is that the vitrain seams
and carbonized plant debris might be transported from
a shallow water swamp to the deep sea. However, it is
in need of concrete and reliable evidences of trans-
portation of the host rocks of SSDS, especially of the
vitrain seams and carbonized plant debris. In addition,
Lü et al. (2013) also mentioned the collision of North
China Plate and Yangtze Plate, but they still did not
provide concrete and reliable evidences.
Lü et al. (2012) and Dong et al. (2013, 2014) further
discussed the macrofeatures and deformation stages
of SSDS in Lingshan Island. However, their academic
viewpoints, i.e., the origin of SSDS and the origin of
host rocks of SSDS, are basically the same as those
presented by Lü et al. (2011).
Shao et al. (2014a, 2014b) discovered the lamina-
controlled sand-particle imbricated structures in the
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discovered the sand debris ﬂow and turbidity ﬂow
structures in slump bodies in the host rocks of SSDS in
Lingshan Island. Zhong et al. (2016) discovered tem-
pestites in the host rocks of SSDS in Lingshan Island. All
of these discoveries further proved that the host rocks
of SSDS in Lingshan Island are not oceanic ﬂysch sedi-
ments and that the SSDS cannot have any relationship
with the collision of plates.
Wang et al. (2013) considered the SSDS in Lingshan
Island as slump folds which were triggered by earth-
quakes, therefore these SSDS are seismites. However,
they did not put forward the concrete evidence of
earthquakes.
Zhang et al. (2013) suggested establishing a new
lithostratigraphic unit, the Lingshandao Formation, to
represent the host rocks of SSDS in Lingshan Island.
They considered the host rocks as deep sea distal
turbidites or ﬂysch sediments. The Lingshandao For-
mation is “a same age but with different sedimentary
facies” of the terrestrial Fajiaying Formation of Lower
Cretaceous Laiyang Group that is widely distributed in
Jiaolai Basin that is located in the eastern Shandong
Province.
It is a new problem that is worthy to be discussed
and contended.
In a word, about the origin of SSDS and the origin of
the host rocks of SSDS in Lingshan Island, and the
establishment of a new lithostratigraphic unit for the
host rocks of SSDS, there are different academic
viewpoints in China University of Petroleum (East
China). It is an active academic atmosphere. It is truly
“a hundred ﬂowers blossom and a hundred schools of
thought contend”.3. Problems of SSDS in Lingshan IslandAs mentioned above, about the origin of SSDS and
the origin of the host rocks of SSDS in Lingshan Island,
there are different academic viewpoints. It is a very
good academic atmosphere, but there are many
problems which have not been solved.
3.1. The lithological and palaeontological
characters of the host rocks of SSDS
First of all, the lithological and palaeontological
characters of the host rocks of SSDS in Lingshan Island,
i.e., a set of the “ﬁne sandstones and siltstones
interbedded with mudstones and shales”, have to be
studied and described quantitatively bed by bed.This is the foundation or foothold for the analysis
and determination of the origin of SSDS in Lingshan
Island. Without this foundation or foothold, any prob-
lem of the origin of SSDS in Lingshan Island can't be
solved. Unfortunately, till now, I have not seen the
detailed description data of the lithological and
palaeontological characters of host rocks of SSDS bed
by bed on the outcrop in Lingshan Island.
Recently, Prof. Jian-Hua Zhong sent me an email
including some outcrop photos of pyroclastic rocks,
conglomerates, sandy conglomerates and coarse
sandstones in Lingshan Island. In these clastic rocks,
the tabular cross bedding and trough cross bedding are
developed. It indicates that the rock types in Lingshan
Island are not restricted to the “ﬁne sandstones and
siltstones interbedded with mudstones and shales”.
Therefore, the quantitative study of the lithological
characters of all rock types in Lingshan Island bed by
bed is the ﬁrst important task.
3.2. The sedimentary facies of the host rocks
of SSDS
On the basis of quantitative study of lithological
and palaeontological characters of the host rocks of
SSDS, the sedimentary facies of the host rocks can be
determined. However, till now, the sedimentary facies
of the host rocks of SSDS has not been determined. Is it
the deep sea turbidites (or ﬂysch) facies, or delta front
facies, or shore swamp facies? This problem has not
been solved.
3.3. The origin of SSDS
On the basis of quantitative study and explanations
of lithological and palaeontological characters and the
determination of sedimentary facies of the host rocks
of SSDS in Lingshan Island, the origin of SSDS can be
determined.
Now, slump may be a common understanding of the
origin of SSDS in Lingshan Island. However, whether the
SSDS were caused by slump in deep sea turbidites or in
delta front or in swamp sediments is still a problem
unsolved.
3.4. The relationship between SSDS and
earthquakes
The relationship between SSDS and earthquakes is
the key problem, i.e., whether the SSDS are seismites
or not. About this problem, there are two deﬁnitive
criteria:
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of roughly 40 km around the epicenter of palae-
oearthquake (Moretti and Van Loon, 2014).
2) The magnitude of palaeoearthquake was high
enough, i.e., M ≥ 4.5e5.0 (Van Loon et al., 2016).
Of course, some problems about these two criteria
can be discussed, such as 40 km radius or more than
40 km, and the minimum magnitude of palae-
oearthquake. But these two criteria are necessary.
Without these two deﬁnitive criteria, it may be
very difﬁcult to determine the SSDS as seismites.
If utilizing these two criteria to examine whether
the SSDS are seismites or not, a number of SSDS are
possibly not seismites, or may be inferred or deducible
seismites.
Certainly, in geology, the inference or deduction is
necessary, but the inference or deduction is not a true
result of a scientiﬁc research. Therefore, to determine
the SSDS as seismites should be with caution and
caution.
Therefore, deﬁnitive and reliable evidences are
important and necessary to indentify whether the SSDS
in Lingshan Island are seismites or not.
3.5. About the new lithostratigraphic unit
Zhang et al. (2013) suggested establishing a new
lithostratigraphic unit, the “Lingshandao Formation”,
to represent the host rocks of SSDS in Lingshan Island,
as the “same age but different facies” of the Lower
Cretaceous Laiyang Group Fajiaying Formation. The
“same age” means that both the Lingshandao Forma-
tion and Fajiaying Formation belong to the Early
Cretaceous. The “different facies” means that the
Lingshandao Formation represents the marine ﬂysch or
turbidite facies but the Fajiaying Formation represents
the terrestrial facies.
This is a new problem.
In our opinion, many problems of the host rocks
of SSDS in Lingshan Island have not been studied yet
in sufﬁcient detail, especially the sedimentary facies
of the host rocks in Lingshan Island has not been
with a common understanding, and the thickness of
the host rocks of SSDS and the relations with its
overlying and underlying stratigraphic units have not
been understood, it may therefore be too early to
establish this new lithostratigraphic unit “Ling-
shandao Formation” to represent the host rocks of
SSDS in Lingshan Island.
Recently, I received a letter from Prof. Hong-Shui
Tian. He said that “according to the regionalgeological map (1:200,000), the Lingshan Island is not
located in the Jiaolai Basin, but in a terrestrial basin
that is located in the northern margin of the Jiaonan
Orogenic Zone. The stratigraphy in Lingshan Island
cannot be correlated with Laiyang Group in Jiaolai
Basin”. d This letter is related to the geological
foundation to establish the “Lingshandao Formation”
and increases my query about this problem.
In short, about the origin of SSDS and their host
rocks in Lingshan Island, many problems need to be
solved.4. ConclusionsFrom the discussions above, the following conclu-
sions can be drawn:
1) The “soft-sediment deformation structures (SSDS)”
are sedimentary structures that have multi-origin.
This term “SSDS” is a good sedimentary and
geological term and should be utilized continually.
2) The “seismites” is a term that is specially assigned
to the layers with SSDS induced by earthquakes. It is
one type of the layers with SSDS. It is not equal to
the “SSDS”.
3) Van Loon et al. (2016) suggested obsoleting the
term “seismite” as soon as possible in order to avoid
confusion with the term “SSDS”.
Shanmugam (2016) also suggested obsoleting the
term “seismite”.Shanmugam (2006) had suggested obsoleting the
term “tsunamite”. Both “seismite” and “tsunamite”
are twins of SSDS.
These suggestions are rational.
But, the ﬁrst word of the title of the paper of Van
Loon et al. (2016) is “seismites”. It seems that
“obsoleting the term ‘seismites’ as soon as possible”
may not be that easy.
The authors' idea is that since the term “seismites”
has been utilized for a long time in China and world-
wide, to obsolete this term should be discussed by and
gotten agreement from the numerous geologists in
China and worldwide. The symposium of “multi-origin
of SSDS and seismites” that will be held in this
September at Henan Polytechnic University will discuss
the problems of the term “seismites”.
4) We hope that the relevant geologists in China and
worldwide will participate in the symposium of
“multi-origin of SSDS and seismites” and will write
papers for the symposium. Congratulations on the
316 Z.-Z. Feng et al.success of the symposium of “multi-origin of SSDS
and seismites”!
5) Congratulations on the publication of the special
issues of “multi-origin of SSDS and seismites” in
Journal of Palaeogeography (Chinese Edition and
English Edition)!
6) We believe that after the symposium of “multi-
origin of SSDS and seismites” and the publication of
the special issues of “multi-origin of SSDS and seis-
mites” in Journal of Palaeogeography (Chinese
Edition and English Edition), the conception of the
term “SSDS with multi-origin” will be accepted and
utilized by numerous geologists, and the term
“seismites” will be utilized within a limited ﬁeld of
the layers with SSDS that are truly induced by
earthquakes.
7) We hope that the researches of SSDS in China and
worldwide will make further progress.
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